We report in this work the production of W + W − pairs gauge bosons associated with 0, 1 and 2 jets in proton-proton collisions at LHC with an energy of 14 TeV in the center of mass. These processes are produced at leading-order (LO) and next-to-leadingorder (NLO) with QCD corrections in the standard model, using MadGraph5@aMC. For a realistic description of the processes, we match the hard scattering processes with Herwig 6 and Pythia8 parton showering and hadronization.The obtained events are run through the fast detector simulation, Delphes, which serves to accurately model the ATLAS and CMS detectors and the final state reconstructions that are performed. We analyze the total cross sections according on two cuts in
processes, several involve three, four, or even more particles in the final state, rendering the necessary next-to-leading-order (NLO) calculations in QCD very complicated. Even at NLO, the calculation of 2 → 3 (and 2 → 4) processes is extremely time, so clear priority needs to be established for those processes most needed for the LHC. In the 2005 Les Houches proceedings, such a realistic NLO wishlist was established [5] [6] [7] .
Vector-boson pair production ranks among the most important Standard-Model benchmark processes at the LHC. Several studies addressed the production of W-boson pairs in hadron collisions, including NLO QCD corrections. In particular, pp → W + W − with no jets was studied in Refs [8] [9] [10] [11] [12] , while the study of the effects of the complete logarithmic electroweak O(α) corrections on the production of vector-boson pairs WZ, ZZ, and WW at the LHC were performed in ref [13] . QCD corrections to W + W − production through gluon fusion was performed in Ref [14] . The production of a pair of W -bosons in association with one jet including decays to leptons was studied in refs [15, 16] . In both cases, for the choice of the renormalization and factorization scales µ = M W , QCD corrections were found to be significant, of the order of (25 -50) % . These results further motivate the need to understand the production of W + W − in association with two or even more jets at NLO in QCD.
The vector bosons pair productions, associated with two jets, pp→ V V +2jets, are an important background to new Physics and Higgs boson searches. They can be produced through both vector boson fusion (VBF) or production mechanisms without weak bosons in the t-channel. NLO QCD corrections to the VBF mechanism have been calculated in [17, 18] . For the non-VBF case, several calculations have been presented. The production of equal-charge W-bosons, W + W + jj, has been computed at NLO accuracy in [19, 20] . It also has been combined with a parton shower [21, 22] within the POWHEG framework [23, 24] , and later has been complemented by EW corrections [21] . First results for NLO QCD corrections to the process W + W − jj at hadron colliders have been presented in [25, 26] and those performed using the GoSam package for the virtual contributions [27] , in combination with MadGraph/MadEvent [28, 29] and MadDipole [30, 31] for the real radiation and the phase space integration. These have included leptonic decays of the W-bosons with full spin correlations.
In this paper we report on the NLO correction of the W + W − , W + W − j and W + W − jj both at fixed order and through a Parton Shower analysis. We considered two cuts of the associated jets. We will study different distributions of the W 's.
The remainder of the paper is organized as follows. In Section 2 we provide details of the NLO total cross section calculations. In Section 3 we briefly discuss technical aspects of the calculations. In Section 4 we describe the results. In Section 5 we present our conclusions.
NLO total cross sections
Cross sections at NLO precision are given by
(2.1)
For point-like initial states, the LO part of σ LO is obtained by integrating the exclusive cross section in Borm approximation over the available phase space of the final state particles as bellow:
Here, d (4) Φ m and M m respectively denote the phase space element of m particles, taken in four dimensions and the tree level QCD matrix element for the process under consideration. F (m) j is a function of cuts defining the jets etc.. In order to obtain a meaningful result to be compared with experimental data, typical isolation cuts are applied on the outgoing particles, which may also serve the purpose of keeping the integral finite. A typical criterion for example is to identify outgoing partons with jets and thus apply jet definition cuts on the partons such that they are all well separated in phase space.
The NLO part of the cross section is written as follows
4)
Where d (d) σ R denotes the real correction, which consists in emissions of an additional parton and d (d) σ V denotes the virtual one-loop corrections. The ultraviolet singularities (UV) in the virtual contribution are treated quite simply: the loop amplitudes are regularized in the dimensional regularization, and the theory is renormalized by the addition of counter-terms in the QCD Lagrangian. The key idea is that we redefine the different physical quantities using these counter-terms in the way become finite observables and to replace the naked parameters with renormalized parameters so that the Lagrangian can be written as the sum of a renormalized part and of a part of counter-terms.
While the two integrals on the right-hand side of the previous equation are separately inferred divergent in four dimensions, and are therefore taken in d dimensions. For the real correction, the divergences arise when the additional parton becomes soft or collinear with some other parton, leading to on-shell propagators in the matrix element. For the virtual correction, the divergence comes with the integration over the unrestricted loop momentum, such that again a propagator goes on-shell. More specifically, infrared safety demands that F m+1 j → F m j where m + 1− and m− parton configurations become kinematically degenerate [32] . Setting d = 4+2 in the following, the divergences will manifest themselves in double and single poles, i.e. as 1/ 2 and 1/ , respectively.
Computational details
In this part, we will give some attention to process 2 → 2, 2 → 3 and 2 → 4. Thus we choose to study the following process: pp → W + W − , pp → W + W − j and pp → W + W − jj with j = b, t. We work in the 5-flavour scheme. We provide the cross sections for LHC collisions Table 1 . The LO total cross section for the various processes of production at √ s = 14 TeV, at partonic level for different cuts on jet transverse momentum p T,j > 20GeV and p T,j > 100GeV .
at center-of-mass energies of √ s =14 TeV and an integrated luminosity of 100f b −1 . We fix the renormalization and factorization scales to the Z mass. The results are evaluated both at the LO and NLO accuracy in QCD using respectively the NNPDF23_lo_as_0130_qed and NNPDF23_nlo_as_0118 parton distribution functions.
We use the MC@NLO method [33] as implemented in MadGraph5@aMCNLO [34] , in order to produce events first at the partonic level before moving to a study based on (PS) parton shower and including hadronisation. To this aim the realistic descriptions of LHC collisions require to match hard scattering matrix elements to a modeling of QCD environment, we choose to match the hard scattering processes with Herwig6 [35] parton showering and hadronization as part of the Monte Carlo simulation, which isone of the cluster models.
There is also another model of hadronization that is a string model as Pythia8 [36] . The obtained events are run through the fast detector simulation, Delphes [37] , which serves to accurately model the ATLAS and CMS detectors and the final state reconstructions that are performed. Jet reconstruction is then done by means of the anti-k T algorithm [38] with a radius parameter set to R = 0.6 as included in the FastJet program [39] and we impose two cuts on jet transverse momentum,
This cut is typical of those used at the LHC. The events are finally analysed with the MadAnalysis5 package [40] .
LO total cross section
We start our study by generating our processes at the leading order(LO). At this level, the process pp → W + W − isinduced as shown in figure 1 .a, while the production of W + W − j is qq, qg andqg initiated, an example of such contributions is illustrated in figure 1 .b. The pp −→ W + W − jj gets a further contribution from gg as presented in figure 1 .c. At the tree-level, the total cross sections are given by the equation (2.2) .
The LO total cross section of W + W − pairs production without jet is σ LO pp→W + W − = 66.07 ± 0.03 pb. For pp → W + W − j and pp → W + W − jj, the accompanying jet is subject to a cut. We consider two cuts on jets transverse momentum p T,j > 20GeV and p T,j > 100GeV . Different behaviour is presented in table 1, we observe that these cuts have a significant influence on the measurements of LO total cross section of W + W − pairs production with 1 and 2 jets σ, the numerical results show that at p min T,j > 100GeV ) the total cross section is small from 5 to 10 times compared to σ at p min T,j > 20GeV ) at LO.
NLO total cross sections
At the next to leading order, there are more diagrams than tree-level for all our processes, this is on account of the real(the born contribution with additional parton in the final state) and virtual contributions appear as shown in figure 2 . We give the NLO total cross section for the process pp → W + W − by: σ N LO pp→W + W − = 111.5 ± 0.4. It is important to stress that W W at NLO includes also a jet as a result of the real emission. This jet is not subject to any cut. When studying W W j at NLO, real emission includes an extra jet which we differentiate from the LO W W j on which cuts are imposed.
Numerical values of NLO total cross section for the W + W − pairs production with one and two jet are represented in the table2. Similarly to LO results, the two cuts considered have an important effect on the measurements of NLO total cross section.
We show the K factor which is the ratio NLO cross section on LO cross section(K = σ N LO σ LO ), we give the factor K for the process pp → W + W − equal 1.69, as we can see, Table 2 . The NLO total cross section for the various processes of production at √ s = 14 TeV, at partonic level for different cuts on jet transverse momentum p T,j > 20GeV and p T,j > 100GeV . the NLO total cross section for all the processes are greater from 28% to 69% to the first order terms. The process W + W − has the largest value, as we can also see that adding the jets to the final state decreases this factor. on the other hand, the table gives an important information is that the K factor does not depend only on the choice of the scales (factorization, renormalization), the PDF but also the cut to perform on the transverse moments, where we see that at p T,j > 100GeV , the K factor is more signifying that at p T,j > 20GeV . 4 Numerical results
Partonic level
We start the discussion at partonic level, with a presentation of the transverse momentum distribution of W + ( p T (W + )) )at LO and NLO with QCD corrections as show in figure 3 . In general, the distributions for all our processes, have the same shape where two different regions are distinguished the first one the distribution increase until the maximum at p T ≈ 60 GeV and the second 60 GeV < p T < 500 GeV where there is a decrease on this observable. Obviously, the same behaviour has been established with the transverse momentum distribution of W − ( p T (W − )). For processes pp → W + W − , we observe that at low P T the LO and NLO contributions are extremely close to each other as well in this region the p T distribution is more interesting. however, at high values of p T the NLO contribution becomes more important. Although, the situation is different when we add one or two jets in final state of the W + W − pairs production, we observe a small QCD NLO correction effect on these distributions.
We now turn to transverse momentum distribution of two W, we observe in Figure 4 that the contributions for process pp → W + W − j and pp → W + W − jj have the same form and the LO and NLO distributions are similar. We find that the process pp → W + W − to LO can not predict this variable it comes back to the existence of a single contribution that is qq. Although at NLO the contributions included by the corrections of the CDQ, in particular the high density of gluon at the small p T , show us anther behaviour. We give in figure 5 the distribution of rapidity y(W + W − ), the three processes agree that the LO and NLO contributions are particularly sizeable near −1 < y(W + W − ) < 1. while the NLO correction are more considerable in the gap −1 < y(W + W − ) < 0.
Parton Shower
In this part, we will treat our processes at the hadron level, we have showered the events using Herwig6.
First, We give the LO and NLO total cross section of W + W − pair production: Table 3 . The LO and NLO total cross section for the various processes of production at √ s = 14 TeV, with parton shower(PS) at hadronic level for different cuts on jet transverse momentum P T,j > 20GeV and p T,j > 100GeV . Where the K factor is equal 1.67 and we show in table 3 the measurement of LO and NLO cross section of the processes pp → W + W − j and pp → W + W − jj at hadronic level what is mean the presence of parton shower, here, the parton shower corrections preformed on our processes have a little weight on the measurements of the total cross section compared to partonic results. Now, it will be important to discus the kinematical distributions of these processes with Monte Carlo generators which typically use parton shower. We propose an approach to these processes in the sense of W transverse momentum measured from the kinematics of leptons. We present in figure 6 the distribution of p T (W + ) for all the processes pp → W + W − with 0, 1 and 2 jets, we note that here, we apply the cuts given in equations 3.1 and 3.2, we observe that the contributions have the same shape, it decreases on all the values considered, contrary to the partonic scale where two regions were found. In same figure we see also that the p T (W + ) distribution for the W + W − pair without jet, are more important in the 10GeV < p T < 160GeV but the size of the QCD NLO corrections to this contities is great in the large p T (p T > 160 GeV ). Although, the effect of these corrections change when adding a jet to the pp → W + W − process in the final state.
We present in the figure 7 the W + W − transverse momentum distributions at LO and NLO, we notice that the distribution of the processes including the jet in the final state decreases rapidly compared to the process without jet and the effect of the QCD corrections is seen clearly only in this last process and at p T (W + W − ) > 90 GeV.
It is interesting to say that the pp → W + W − j and pp → W + W − jjprocesses, unlike the pp → W + W − process, have events at p T (W + W − ) > 300 GeV, this means that a hypothetical signal of a new physics beyond the standard model can be detected at these transverse momentum.
We see in figure 8 the behaviour of the distribution of rapidity y(W + W − ), we observe that the maximum interval is prolonged −2 < y < 2, but it is clear that adding a jet to these necessaries changes the shape of this distribution.
Conclusion
In this paper, we have presented calculations for the production of W + W − pairs of gauge bosons associated to 0, 1 and 2 jets in proton-proton collisions at LHC at √ s = 14 TeV.
The NLO-QCD corrections have a significant influence on the measurement of the total cross sections. The value of cross section at next-to-leading-order varies from 28 % -69% of the ones at leading order.
The results show that the LO and NLO total cross sections of the process pp → W + W − j and pp → W + W − jj have the same behaviors with cuts in jet's transverse momentum p T,j > 20GeV and p T,j > 100GeV , we find that at large jets's transverse momentum p T,j > 100 GeV, the LO and NLO total cross sections decrease. Contrary to the process pp → W + W − that has a jet comes from the real contributions at NLO that we called the jet QCD and the latter does not take into account our cuts.
It has been shown that the appearance of the jets in the final state of production process of the W + W − pairs decreases the total cross section, indeed it is clear that the process pp → W + W − at the highest value.
We discussed the W + and W + W − distributions at partonic level for our processes and we saw that, they have the same appearance, of more we have distinguished two regions for the contribution. We have also studied the impact of parton-shower effects for several characteristic distributions and the measurements are compared to results obtained by partonic level obviously we observed a different behaviour of these contributions .
The distribution of the rapidity of the pairs −1 < y(W + W − ) < 1 has a peak at y(W + W − ) . The NLO QCD effects do not change this design but, interestingly, they put the wider peak interval.
Finally, at higher transverse momentums ie. p T > 500GeV , the yield is not-negligible. These processes can deliver potential background to several searches for physics beyond the SM.
